Differential item functioning (DIF) occurs when a test item has different statistical properties in subgroups, controlling for the underlying ability measured by the test. DIF assessment is necessary when evaluating measurement bias in tests used across different language groups. However, other factors such as educational attainment can differ across language groups, and DIF due to these other factors may also exist. How to conduct DIF analyses in the presence of multiple, correlated factors remains largely unexplored. This study assessed DIF related to Spanish versus English language in a 44-item object naming test. Data come from a community-based sample of 1,755 Spanish-and English-speaking older adults. We compared simultaneous accounting, a new strategy for handling differences in educational attainment across language groups, with existing methods. Compared to other methods, simultaneously accounting for language-and education-related DIF yielded salient differences in some object naming scores, particularly for Spanish speakers with at least 9 years of education. Accounting for factors that vary across language groups can be important when assessing language DIF. The use of simultaneous accounting will be relevant to other cross-cultural studies in cognition and in other fields, including health-related quality of life.
Introduction
There is wide interest in cross-cultural studies of health outcomes. A crucial issue faced in such studies is the psychometric equivalence of test measures across languages and cultures. Test item responses are contingent not only on the underlying ability or trait level (referred to as ability here), but also on the language of test administration and the individual's proficiency in that language. Inasmuch as language mediates knowledge structures and schemata, 1 differences in test item responses between individuals with disparate language backgrounds may be associated with differences in language-mediated test behavior, in underlying ability, or both.
Differences in average test scores between groups do not necessarily indicate test bias; these may be valid differences in the ability being measured. Measurement bias is present when individuals from different groups with the same underlying ability have different test scores. An important step in assessing test bias is determining whether test items may have differential item functioning (DIF). 2 DIF is present when individuals who have the same underlying ability from different groups have a different probability of success on an item. [3] [4] [5] If itemlevel bias is present but favors one group for some items and the other group for other items, the overall scale score might still provide an unbiased estimate of true ability. The scale-level impact of DIF is complexly determined by the number of items with DIF, the type of DIF, the pattern of responses, and the direction of DIF. A final determination of test bias is usually made in a qualitative review of the content of any items identified with DIF.
DIF related to language of testing must be accounted for in order to make unbiased comparisons across language groups. However, such studies are rare. Three previous investigations assessed DIF in cognitive tests among Spanish and English speaking elderly people in the United States. Each found DIF related to test language, the first in items from a variety of cognitive screening tests, 6 and the second in the Mini-Mental State Examination. 7 In the third, different methods for detecting DIF were compared using a common Mini-Mental State Examination data set. [8] [9] [10] [11] [12] Several other studies identified DIF related to test language but noted that the scale-level impact of DIF was minimal. These studies examined the Cognitive Abilities Screening Instrument (CASI) among JapaneseAmericans, 13 the Danish Translation of the SF-36, 14 the Chinese adaptation of the Systemic Lupus Erythematosus Quality of Life Questionnaire, 15 the Fagerstrom Test for Nicotine Dependence, 16 the Alzheimer's Dementia Questionnaire (AD-8), 17 and the Montreal Cognitive Assessment. 18 Some items were found to have DIF related to language among thirteen translations of the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-C30, 19 and among Spanish and English speakers on the Consumer Assessments of Healthcare Providers and Systems. 20 Language is a multifactorial cognitive construct determined by neurobiological, developmental, and psychosocial factors. Among these factors, formal and informal education play key roles in language acquisition and proficiency. Yet, most earlier studies of DIF related to language did not account for differences in educational attainment between language groups. [6] [7] [8] [9] [10] [11] [12] [14] [15] [16] [17] [18] 20 An exception is the EORTC QLQ-C30 translation study, where an education term was added to logistic regression models for detecting DIF. 19 The report of DIF in the CASI in Japanese-Americans acknowledged the issue, but noted that it could not be addressed with that sample. 13 One reason most studies have not evaluated this issue may be that the method for addressing educational differences between language groups is not inherently obvious. There are important technical differences between DIF detection procedures, but each method in essence identifies a group of items that serves as a DIF-free core, anchoring relationships between the test items in the different groups. Most methods for assessing DIF can evaluate only one source of DIF at a time, or require the formation of language/education subgroups. When language groups differ by educational attainment, some language/education subgroups may have sparse data. Methods for identifying anchor items free of DIF related to both language and education have not been previously addressed.
In this study, we sought to compare different strategies for accounting for differences in educational attainment between language groups when evaluating test items for DIF related to language. We evaluated data from an object naming test administered to English-and Spanishspeaking older adults. These adults constitute a relatively large and culturally diverse sample with important differences between English and Spanish speakers in the distribution of the number of years of formal schooling. The object naming test was selected from a larger battery of tests 21, 22 because object naming ability represents a language component that is frequently assessed in neuropsychological evaluations, and because the assessment of object naming ability is particularly likely to be affected by DIF. Acquisition of object naming ability occurs over a lifetime and is strongly dependent on experience, making it especially susceptible to differences in linguistic background, education, and cultural experience.
We compared four strategies for assessing DIF related to language: i) simultaneously accounting for DIF related to educational attainment and language in sequential iterative steps; ii) ignoring differences in educational attainment completely; iii) controlling for differences in educational attainment by including it as a covariate in regression models (as in the EORTC study 19 ); and iv) ignoring DIF related to educational attainment and language. There are several theoretical reasons we favor the first strategy. DIF related to educational attainment is widely documented in cognitive tests, so ignoring it completely seems unwise. As noted above, scale-level impact is complexly determined by the number of items with DIF, the type of DIF, the pattern of item responses, and the direction of DIF. However, model adjustment applies the same adjustment to everyone in a given subgroup, while incorporating language group-specific item parameters, which seems to ignore itemlevel variability for education while embracing item-level variability for language. For these theoretical reasons, we favor simultaneously accounting for multiple sources of DIF. Our goal was to compare and contrast the practical implications of these strategies for accounting for DIF related to education and language in an object naming test applied to an ethnically diverse sample.
Materials and Methods

Participants
Participants were recruited between 1998 and 2005 as part of the ongoing development of the Spanish-English Neuropsychological Assessment Scales (SENAS). The SENAS Object Naming Test was administered to 1,755 participants. The vast majority were communitydwelling older adults who were 60 years of age or older at the time of testing (Table 1) . Only a quarter (25%) of the Spanish test-takers had more than 6 years of formal schooling, while nearly half (49%) of the English test-takers had more than 12 years of formal schooling ( Figure  1) . A variety of recruitment methods were used and are described in detail elsewhere. 21 All participants signed informed consent under protocols approved by institutional review boards at University of California at Davis, the Veterans Administration Northern California Health Care System, and San Joaquin General Hospital in Stockton, California.
Materials
The SENAS battery is a multidimensional test battery for the assessment of cognitive functioning in elderly individuals. SENAS scales are new scales that were simultaneously developed with English and Spanish versions. The development process included generation of a large item pool for each scale designed to span a broad range of item difficulty. [21] [22] [23] [24] The Object Naming Test assesses the ability to retrieve verbal information from semantic memory stores. Examinees are shown color pictures and asked to identify specific objects within those pictures. A correct response is operationally defined as a word (in either language) that corresponds to the picture being presented. The final selection of 44 items from the larger item pool was based on empirically derived item characteristics. Test items are listed in Table 2 .
Statistical methods
We used a hybrid logistic regression-item response theory (IRT) technique to form scores that accounted for DIF (see Appendix). Briefly, we used logistic regression to detect uniform and non-uniform DIF, and then accounted for DIF by using items free of DIF as anchors; items found to have DIF had groupspecific item parameters estimated. 25, 26 The resulting estimates of object naming ability were thus generated from all of the items, but only DIF-free items had the same item parameters for the two languages. Because so few Spanish test-takers had high educational attainment, and so few English test-takers had low educational attainment, our earlier method for accounting for DIF related to more than one covariate [25] [26] [27] [28] could not be used here. We developed a method to address DIF related to language and educational attainment simultaneously (Strategy 1). The goal of the initial steps was to identify anchor items that appeared to be free of DIF related to educational attainment separately in each language group, and that appeared to be free of DIF related to language separately in subgroups defined by educational attainment. Items found to be free of both types of DIF were then used as anchor items for ability assessment. Parameters for the other items were estimated separately for each language-education subgroup. Thus the final run simultaneously accounted for DIF related to language and educational attainment.
In all, we conducted eleven sets of DIF analyses in our initial search for anchor items ( Table 3 ). Items that had no DIF in any of these 11 analyses served as anchors for co-calibrating the scales across language and education groups. We used six language and education specific subgroups for items found to have DIF in at least one of the eleven analyses. The Spanish test-takers were divided into 0-2, 3-7, and 8-19 years of education, and the English test-takers into 0-9, 10-12, and 13-21 years, when computing IRT scores, to reflect the distributions of education in the two language groups. We formed scores accounting for DIF using these six language -education subgroups.
The scores from the simultaneous strategy (Strategy 1) were compared to ignoring education completely while examining items for DIF related to language (Strategy 2), model-level adjustment for educational attainment when accounting for language DIF (Strategy 3), 19 and an unmodified IRT score (Strategy 4). In Strategy 3, we modified our usual DIF detection procedures by adding a term for years of education to all of the logistic regression models. We treated years of education as a continuous, centered covariate in the logistic models for language DIF assessment. For Strategies 1-3, we identified which items had DIF, and who was favored by the DIF. We standardized all scores to have a mean of 100 and a standard deviation of 15. Because all scores have a mean of 100, the overall mean differences between any two scores will be zero. However, the distribution of scores by language and educational attainment may change when accounting for DIF. We tested this by comparing each scoring method to the others, in turn. For each comparison, we calculated the difference between the two scores, and regressed a categorical variable representing the six language -education subgroups on the difference between the two scores.
We needed a reference for comparing changes in an individual's score due to accounting for DIF. In IRT, we recognize that not all scores are estimated with the same precision, and produce a standard error of measurement for each score. Since minimally clinically important differences 29 in scores have not been specified for the object naming test, we used the median standard error of measurement of the unadjusted IRT scores as our threshold. 30 For each person, we took the difference between their original score and their score accounting for DIF. If the absolute difference was larger than the median measurement error, it was identified as a salient difference related to DIF. 30 
Article
Secondary analyses
We analyzed DIF related to age and gender. Next, we repeated analyses omitting Hispanics tested in English; there were not enough participants to treat them as a third group. We did this to mitigate potential confounding due to ethnicity and native language.
Results
The three DIF-detection strategies identified different items with DIF (Table 2) . Simultaneous accounting for language and educational attainment identified 21 items with DIF. Accounting for language only, while ignoring educational differences, identified 17 items with DIF. Model-level adjustments for differences in educational attainment identified 4 items with DIF.
Mean object naming scores for Spanish and English test-takers, subdivided by educational attainment, are shown in Table 4 . English speakers and those with more education had higher scores, even after accounting for DIF related to language and educational attainment (P<0.001).
Mean scores may obscure important changes in scores for individuals. To examine the impact on individuals, we compared simultaneous accounting with the other strategies, and found salient scale-level differential functioning related to language for some of the participants ( Table 5 ). The largest changes in score due to strategy choice were observed for the Spanish test-takers with the greatest number of years of formal schooling. The proportion of participants with salient differences with the simultaneous accounting strategy ranged from 2.4-7.9%, depending on the comparison, with changes in both directions. Overall, about 2% of the participants had salient differences when comparing the simultaneous strategy with the other strategies.
Secondary sensitivity analyses confirmed the integrity of the results above. There was no item found with DIF related to age or gender. Results from the analyses omitting Hispanics tested in English were similar to those found in the whole sample.
Discussion
Measurement bias is an important and largely unstudied issue that can affect the interpretation of assessments conducted in diverse populations. This paper addresses problems that have received minimal attention in the literature: the importance of and techniques to account for multiple sources of DIF (such as language and education), especially when individuals grouped by one covariate (such as language) have very different distributions of another covariate known to be associated with DIF (such as education).
This study is an important demonstration of methodology, but also provides information about both the presence of DIF in a specific clinical instrument and its impact on estimation of ability. The overall goal of the SENAS project was a valid assessment of the cognitive functioning of Spanish-and English-speaking individuals. The present paper addresses assessment of one specific cognitive domain, object naming ability, and compares different techniques to use in an attempt to obtain valid cross-cultural inferences from object naming item data collected from English and Spanish speaking study participants. There is extensive literature that differences in educational attainment can lead to DIF in the assessment of cognition, i.e., that heterogeneity in educational backgrounds can interfere with the valid measurement of cognitive functioning. 6, 9, [31] [32] [33] [34] In the data set analyzed here, the educational attainment of Spanish speakers was on average much less than the educational attainment of English speakers (see Figure 1) . We therefore were concerned that attempts to address DIF related to language of test administration that ignored educational attainment could lead to incorrect inference.
The three strategies that were compared in this paper produced qualitatively different results. The simultaneous strategy (Strategy 1) incorporated a vigorous search within language groups for DIF related to education, and within education strata for DIF related to language ( Table 3 ). Items that emerged from all eleven sets of preliminary analyses as free of DIF were then used as anchor items for calibrating the scales across language groups. In the final analysis 21 items were identified with DIF. Ignoring educational differences completely (Strategy 2) identified 17 items with Article Table 3 . The eleven sets of preliminary differential item functioning analyses used to identify anchor items for the item response theory score simultaneously accounting for differential item functioning related to language and educational attainment (Strategy 1). DIF related to language. Despite the similar number of items identified with DIF, DIF impact was qualitatively different between these strategies. This is not surprising, since simultaneously accounting for DIF related to both education and language would be expected to produce qualitatively different results than accounting for DIF related to language alone. Model-level adjustment for educational attainment by inserting a term in the logistic regression models (uniform adjustment across language groups; Strategy 3) resulted in 4 items with DIF. In terms of DIF impact, modellevel adjustment did not produce markedly different results from ignoring DIF related to education. A recent paper employed model-level adjustment to account for several factors between countries in an evaluation of the EORTC QLQ-C30. 19 Model-level adjustment for education did not have much impact in the present study because education DIF was not unidirectional, and, as we found in our analyses for the simultaneous strategy, the effects of education DIF varied by language group. 34 Group mean object naming scores were similar across all of the strategies analyzed here. Compared to the other strategies, group means from the simultaneous strategy (Strategy 1) were lower in English test takers with more education and slightly higher in Spanish test takers, but differences were small. While the three methods identified 4 to 21 items with DIF, not all the DIF favored the same language/education group, so some of the itemlevel DIF effect was canceled out at the test level. It may also be that our DIF criteria were too sensitive, picking up differences too small to affect group means.
Type of DIF Subgroups
While mean scores were minimally affected by choice of strategy, it is possible that the choice of strategy may have clinical implications for some individuals. For instance, the simultaneous strategy produced salient differences in scores for 2% of participants. The highest proportion of changes occurred among Spanish test-takers with 9 or more years of education, where up to 8% of the participants were affected. Overall, the most appropriate alternative to a DIF-free test is test scored to account for DIF.
The preliminary analyses for the simultaneous strategy (Strategy 1) revealed that the effects of education DIF were not the same in Spanish and English. Interacting sources of DIF has not been previously recognized as a problem in the literature. A possible exception to this is the work of Jones 35 who used multiple group structural equation modeling in a very large sample. The ideal way of dealing with such DIF is unknown. We think our approach with the simultaneous strategy is reasonable, as it conservatively rejected items as potential anchors if they were found to have DIF in any of the 11 preliminary DIF analyses. These subgroup analyses use smaller sample sizes for anchor item selection, so it is possible that some items with DIF may have been missed, but we think it more likely we were overly thorough. We may be erring on the side of caution when declaring about half the items to not be anchor items, but in the present instance of a reasonable test length with 44 items, this does not seem to be a big problem.
A limitation to this study was the need to categorize education. While the logistic regression framework we used for DIF detection can incorporate continuous covariates (such as years of education), IRT programs require categorical groups to be identified to determine demographic group-specific item parameters when DIF was found. In this regard, we are particularly concerned with two of the preliminary analyses in the simultaneous strategy, in which we dichotomized educational attainment at the median. The median number of years of formal schooling was 3 years for Spanish language test-takers and 12 years for English language test-takers. The small numbers of Spanish speakers with many years of education, and especially the small number of English speakers with few years of education, made meaningful comparisons of individuals with similar educational attainment across the languages difficult (see Figure 1 ). By making this pragmatic choice, a Article Table 5 . Differences between object naming scores simultaneously accounting for language and education (Strategy 1), and accounting for language only (Strategy 2), accounting for language with model-adjustment for education* (Strategy 3), and scores that were unmodified (Strategy 4). person with five years of formal schooling would be characterized as having high educational attainment if they spoke Spanish but low educational attainment if they spoke English. We tried to mitigate categorization problems by identifying DIF-free anchors using many criteria (Table 2 ). In the present instance, it is likely worse to retain anchor items that actually have DIF than to falsely identify an item as having DIF, since items that have DIF are still used to generate each person's score. 36 Though we considered educational attainment both as a continuous variable and in a variety of categorizations, any measure of education based on years of formal schooling will not capture differences in the quality of education. 37 This issue is especially relevant in the current study, where Spanish-speaking elderly immigrants and English speaking elders were not educated in similar school systems, the opportunities for attending formal school were discrepant, and the resources available to teachers and schools were drastically different. These factors not only relate to quality of education across language/cultural groups, but also within language/cultural groups. Furthermore, differences in levels of acculturation and in cultural experience that are not fully captured by language used and years of formal schooling may affect test performance, and those differences have not been taken into account. A similar issue is that the English test-takers represent an ethnically diverse group. It is reassuring that secondary analyses omitting Hispanics tested in English resulted in findings similar to the primary analyses.
Test
Simultaneous assessment of DIF is a complicated process, requiring decisions on how to form subgroups and which subgroup analyses to run. This raises the questions of when Strategy 1 is necessary, and when it is feasible. If education is distributed similarly in the two language groups, and years of education mean roughly the same thing in the two language groups, an easier approach is to account for DIF due education using scores that account for DIF due to language. [25] [26] [27] [28] It may also be worthwhile to set up interaction terms and look at both education and language in one set of logistic regression models (an extension of Strategy 2). However, in samples such as the one in the current study, where educational levels are so different ( Figure 1 ) and years of education may not be comparable between the two language groups, we think Strategy 1 is the safest option. On the question of feasibility, we cannot make any blanket statements about the number of items needed or the sample sizes required, because both would depend on the distribution of the items with respect to the abilities of the test-takers, and the number of items with DIF. In terms of model convergence, Strategy 1 would require a larger sample than Strategies 2 or 3 because we are dealing with language-education subgroups, rather than just language groups. But we believe that the use of language-education subgroups is necessary to adequately account for DIF in samples like this one. Another disadvantage to Strategy 1 is the number of analyses required; fortunately software exists to facilitate the procedure (see Appendix).
While we compared three different strategies for dealing with DIF in a second covariate that differed across language groups, we did so in the context of a single technique for analyzing items for DIF. There are many methods for detecting DIF [8] [9] [10] [11] [12] 35 and assessing the impact of DIF. 14, 25, 26, [38] [39] [40] All methods of DIF detection require the identification of a set of core items that are free of DIF to serve to anchor the scales. In a test administered in two languages (such as English and Spanish), the actual responses are usually different specific words (e.g., plum in English vs. ciruela in Spanish). The underlying ability tested by this item is the retrieval of a specific word for the pictured fruit from lexical and memory stores. This task is the same in English and Spanish, even though different specific words are obtained. With great care (as outlined above), we think the technique we outlined provides a reasonable way to identify a DIF-free core of items that can serve to anchor the object naming scale in English and in Spanish, improving the validity of inference in cross-cultural analyses of data from this test.
We have compared the simultaneous strategy (Strategy 1) with other possible strategies for addressing language DIF when there is also DIF related to education, and educational attainment differs in the language groups. Ignoring education DIF (Strategy 2) and including a term for educational attainment in logistic regression models (Strategy 3) produced similar results to each other, while the simultaneous strategy -rigorously evaluating items for DIF related to educational attainment in language subgroups, and for language in education subgroups, in an effort to exclude items with DIF from the list of potential anchors -produced qualitatively different results than the other strategies. Further work with simulation studies where true relationships are known may be useful to increase our understanding.
The present study focused on educational attainment and language groups, using one specific cognitive test. This is one example of a more general problem, the evaluation of items for DIF in groups that differ with respect to a second covariate that also is associated with DIF. DIF assessment is a complicated but necessary task when evaluating measurement bias in tests used among ethnically and linguistically diverse populations. As studies enroll increasingly heterogeneous populations, we will need DIF techniques that are up to the task.
